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Estragon and thyme extracts showed potent inhibitory activities against chemical mediator release from rat basophilic leukemia RBL-2H3 cells. 7-Methoxycoumarin was isolated from estragon, and 5,4
0 -dihydroxy-6,7,3 0 -trimethoxyflavone, 5,4 0 -dihydroxy-6,7,8,3 0 -tetramethoxyflavone, 5-hydroxy- 6, 7, 8, 3 0 ,4 0 -pentamethoxyflavone and luteolin were isolated from thyme as active components. Structure-activity relationship studies among the active isolates and their related compounds indicated that the oxygen-containing functional group at the 7-position of the coumarin structure was advantageous for the inhibitory activity and that methylation of the hydroxyl group at the 4 0 -position of the flavone structure was disadvantageous. It was also found that coumarin derivatives inhibited an earlier step than intracellular calcium release and proteinkinase C activation, while flavones inhibited a later step or both earlier and later steps.
Key words: anti-allergic effect; coumarin; flavone; RBL-2H3 cell Epidemiological studies 1, 2) have shown that the incidence of food allergy is increasing worldwide. Food allergy is generally classified as an immediate hypertensive (type I) allergy. In the initiation of a type I allergy, allergen-induced activation of the high-affinity receptor for IgE (Fc"RI) in mast cells and basophils plays a pivotal role. The cross-linking of the cell-bound IgE-Fc"RI complex with a specific antigen leads to the release of such chemical mediators as histamine, arachidonic acid metabolites and cytokines. 3, 4) Several therapeutic agents that can inhibit the release of pharmacologically active chemical mediators from mast cells or basophils are now in clinical use. 5) Moreover, it has been reported that some food-originated compounds showed antiallergic effects. 6, 7) To search for degranulation inhibitors from foodstuffs, we selected the rat basophilic leukemia cell line, RBL-2H3, as an in vitro model. Cells from this line express Fc"RI complexes and can release chemical mediators in response to the cross-linking of Fc"RI molecules. 8) This cell line has also been widely used to determine signal transduction from Fc"RI. 9, 10) This paper describes the screening, isolation and identification of active compounds in some foodstuffs against chemical mediator release.
Materials and Methods
Materials. Food samples were purchased from retail sources. Mouse monoclonal anti-dinitrophenol (DNP) and DNP-labeled human serum albumin were purchased from Sigma (MO, U.S.A.). Authentic samples of coumarin, 7-hydroxycoumarin and luteolin were purchased from Wako Pure Chemicals (Osaka, Japan), and 7-methoxycoumarin from Acros Organics (NJ, U.S.A.). All other chemicals were of a reagent grade.
Preparation of the food extracts. Each food sample (5 g on a dry matter basis) was pulverized and extracted overnight with a 1:1 mixture (50 ml) by volume of methanol and water at room temperature. The extract was dried under vacuum, dissolved in DMSO and then submitted to activity measurements.
Activity measurement with RBL-2H3 cells. RBL-2H3 cells were purchased from Health Science Research Resource Bank (Tokyo, Japan). Dulbecco's modified Eagle's medium (Gibco, MD, U.S.A.) containing 10% heat-inactivated fetal calf serum (JRH Biosciences, KS, U.S.A.) was used as a growth medium. The cells were inoculated into a 24-well plate (2:5 Â 10 5 /well; Falcon, NJ, U.S.A.) and cultured overnight. The cells were incubated in a growth medium containing 50 ng/ml of mouse monoclonal anti-DNP for 2 hours. After washing with the modified Tyrode buffer (MT) containing 137 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl 2 , 1 mM MgCl 2 , 5.6 mM glucose, 20 mM HEPES, and 0.1% bovine serum albumin at pH 7.4, each food extract diluted with MT y To whom correspondence should be addressed. Fax: +81-29-847-8055; E-mail: shinmoto@affrc.go.jp Abbreviations: DNP, dinitrophenol; MT, modified Tyrode buffer; PKC, protein kinase C; PLC, phospholipase C; PMA, phorbol-12-myristate-13-acetate; TFA, trifluoroacetic acid (the final DMSO concentration was less than 0.1%) was added. After 10 min of incubation, DNP-labeled human serum albumin (50 ng/ml final concentration) was added and the culture incubated for 30 min. The supernatant was collected, and the cells were lysed with MT containing 0.1% Triton X-100. In some experiments, the cells were stimulated with 20 nM phorbol-12-myristate-13-acetate (PMA) and 1 mM calcium ionophore A23187 without sensitizing with anti-DNP. Thehexosaminidase activities of the supernatant and the cell lysate were measured by the method of Demo et al.
11)
Briefly, 50 ml of the supernatant or the cell lysate was mixed with 100 ml of a 0.1 M citrate buffer (pH 4.5) containing 3.3 mM p-nitrophenyl-2-acetoamide--D-glucopyranoside, and the mixture incubated in a 96-well plate at 37 C for 25 min. The reaction was terminated by adding a 2 M glycine buffer (pH 10.4, 100 ml), and absorbance at 405 nm was measured with a microplate reader (model 550; Bio-Rad, CA, U.S.A.). The histamine concentration was measured by the method of Saito et al.
12) The cytotoxicity of each active compound was measured with a commercial kit (LDH-Cytotoxic Test, Wako Pure Chemicals).
Isolation of the active compound from estragon. Estragon (20 g on a dry matter basis) was pulverized and extracted overnight with a 1:1 mixture (200 ml) by volume of methanol and water at room temperature. The extract was partitioned between ethyl acetate and water, and the resulting ethyl acetate layer was submitted to chromatography in a silica gel column (Wako Pure Chemicals, 20 Â 140 mm), using mixtures of hexane and ethyl acetate as the eluent. The active fractions obtained from 50% ethyl acetate in hexane were further purified by preparative TLC, developing with CHCl 3 -methanolformic acid (50:4:0.5).
Isolation of the active compounds from thyme. Thyme (200 g on a dry matter basis) was pulverized and extracted overnight with a 1:1 mixture (2-liter) by volume of methanol and water at room temperature. The extract was partitioned between ethyl acetate and water, and the resulting ethyl acetate layer was submitted to chromatography in a silica gel column (Wako Pure Chemicals, 40 Â 320 mm), using mixtures of hexane and ethyl acetate as the eluent. The active fractions from 30% to 50% ethyl acetate in hexane were chromatographed in a silica gel column (20 Â 210 mm), eluting with mixtures of CHCl 3 and methanol. The active fractions obtained from 5% methanol in CHCl 3 were further purified by preparative HPLC in a YMC pak ODS-A column (YMC, Kyoto, Japan; 4:6 Â 250 mm), eluting with 50% acetonitrile containing 0.1% TFA at a flow rate of 1 ml/min and detecting at UV 260 nm. Other active fractions obtained from the 10% methanol in CHCl 3 eluate were further purified by preparative HPLC under the same conditions, except for using 30% acetonitrile containing 0.1% TFA as the mobile phase.
Instrumental analyses. NMR spectra were measured by a Bruker Avance 800 spectrometer as a solution in acetone-d 6 or DMSO-d 6 . ESI-and EI-mass spectral data were respectively obtained with Brucker Daltonics APEX II 70e and Jeol JMS HX-110A instruments in the positive mode. UV spectra were measured by a UV-2200 spectrophotometer (Shimadzu, Kyoto, Japan) as a solution in methanol.
Results and Discussion
-Hexosaminidase has frequently been employed as a marker molecule for examining the degranulation process of mast cells, 13) because the enzyme is stored in the secretory granules of mast cells and is released together with such chemical mediators as histamine when the mast cells are immunologocally activated. We therefore measured the -hexosaminidase release from rat basophilic leukemia RBL-2H3 cells as an indicator of the inhibitory activity.
Twenty-nine foodstuffs were screened for their inhibitory activity against -hexosaminidase release from RBL-2H3 cells (Table 1) . Estragon and thyme extracts each showed potent inhibitory activity. a Each sample (5 g on a dry weight basis) was extracted with 50% aqueous methanol (50 ml), the resulting extract being dried under vacuum and then dissolved in DMSO.
Estragon (20 g) was extracted with 50% aqueous methanol. The extract was successively fractionated by solvent partitioning, silica gel column chromatography and preparative TLC to obtain an active compound (1, 12 mg) as pale brown amorphous powder.
Thyme (200 g) was extracted with 50% aqueous methanol. The extract was successively fractionated by solvent partitioning and silica gel column chromatography. Two active fractions obtained by the second silica gel column chromatography were separately purified by HPLC (Fig. 1) . Four active compounds (2-5) were obtained as pale yellow amorphous powder (12.7, 15.0, 16.8 and 2.2 mg, respectively).
Identification of the isolated active compounds was based on the results of mass, NMR and UV spectral analyses. Their chemical structures are listed in Fig. 2 .
The positive EI-mass spectrum of compound 1 gave an [M] þ ion at m=z 176 which agrees with C 10 H 8 O A, Active fractions from silica gel column chromatography eluted with 10% methanol in CHCl 3 . B, Active fractions from silica gel column chromatography eluted with 5% methanol in CHCl 3 . to a solution of 2. This spectral evidence indicated compound 2 to be 5,4
0 -dihydroxy-6,7,3 0 -trimethoxyflavone.
14) The 1 H-NMR spectrum of compound 3 was similar to that of 2, the only differences being the absence of H-8 and the presence of four methoxyl signals ( H 3.87, 3.98, 4.00 and 4.05; each 3H). The same absorption changes in the UV spectrum to those of 2 were induced by the addition of AlCl 3 or NaOAc. Compound 3 was thus determined to be 5,4
0 -dihydroxy-6,7,8,3
0 -tetramethoxyflavone. 14) Compound 4 was identified as luteolin by comparing the mass and NMR data with those of an authentic sample. The 1 H-NMR spectrum of compound 5 was similar to that of 3, the only differences being the presence of five methoxyl signals ( H 3.88, 3.93, 3.97 and 4.07; each 3H). Although the addition of AlCl 3 induced a shift to a longer wavelength, no such change was induced by the addition of NaOAc. These data indicated compound 5 to be 5-hydroxy-6,7,8,3
0 ,4 0 -pentamethoxyflavone.
14)
The inhibitory activities of 7-methoxycoumarin (1), 7-hydroxycoumarin and coumarin against IgE-mediated -hexosaminidase release were measured ( Table 2 ). The IC 50 value of 7-methoxycoumarin was 5:0 Â 10 À5 M, and 7-hydroxycoumarin showed almost the same activity as 7-methoxycoumarin, with an IC 50 value of 5:6 Â 10 À5 M. On the other hand, coumarin showed much weaker activity (IC 50 > 1:0 Â 10 À4 M) than 7-methoxycoumarin and 7-hydroxycoumarin. These results indicate that the oxygen-containing functional group at the 7-position of the coumarin structure had an advantageous effect on the inhibitory activity. No cytotoxicity was apparent when the concentration of a coumarin derivative was less than 1:0 Â 10 À4 M. Coumarins inhibited IgE-mediated histamine release from RBL-2H3 cells as well as that of -hexosaminidase release (data not shown). Coumarin derivatives occur in various spice plants, and have been reported to have antitumoral, 15) fungicidal 16) and anti-inflammatory 17) activities. Although Ryu et al. 18) have reported that cnidicin, a coumarin derivative, inhibited mast cell degranulation, degranulation inhibiting activity of 7-methoxycoumarin has not previously been reported.
The inhibitory activities of compounds 2-5 against IgE-mediated -hexosaminidase release are shown in Table 3 . The IC 50 values for these compounds were 
À4
Each value is given as the mean of at least three experiments. Standard errors are less than 10% of their means. 7-OCH 3 , 7-methoxycoumarin (1); 7-OH, 7-hydroxycoumarin; 7-H, coumarin phospholipase C (PLC) and lipoxygenases. 19) It has been reported that some flavonoids inhibited IgE-mediated degranulation in RBL-2H3 cells 20) and in cultured human mast cells, 21) and that luteolin showed an allergysuppressive effect in an animal model. 7) However, the inhibitory activities of the three polymethoxyflavones (2, 3 and 5) have not previously been reported. A comparison of the activities of the three polymethoxyflavones against IgE-mediated -hexosaminidase release shows the inhibition by 2 and 3 to be much higher than that of 5. It seems from this result that methylation of the hydroxyl group at the 4 0 -position of the flavone structure was disadvantageous to the activity.
The early step of the Fc"RI signaling cascade involves syk-mediated phosphorylation of PLC. 22) PLC, in turn, catalyzes the hydrolysis of phosphatidylinositol-4,5-bisphosphate to inositol triphosphate and diacylglycerol. Inositol triphosphate mediates the initial release of intracellular calcium, while diacylglycerol activates protein kinase C (PKC). It has been reported that both events were essential for mast cell degranulation, 23) and that these events could be mimicked by the addition of PMA and A23187. 9) To determine whether the active compounds inhibited an early step of Fc"RI signaling, the inhibitory activities against PMA and A23187-induced -hexosaminidase release were measured. The coumarin derivatives showed weak inhibitory activities against against PMA and A23187-inducedhexosaminidase release (Table 2) . On the other hand, the flavone derivatives (compounds 2-5) inhibited the release to almost the same level as that of IgE-mediated degranulation (Table 3 ). It is suggested that the coumarin derivatives inhibited an earlier step than extracellular calcium release and PKC activation, while the flavones inhibited a later step or both earlier and later steps.
We have previously reported that estragon and thyme extracts showed potent inhibitory activities against allergen absorption by using Caco-2 cells. 24) Moreover, it has been reported that coumarins and flavones were absorbed when orally ingested as food. 19) It can thus expected that these active compounds would act antiallergically in a complex manner in the multiple stages of allergy development.
In conclusion, 7-methoxy coumarin (1), luteolin (4) and three polymethoxyflavones (2, 3 and 5) isolated from estragon and thyme inhibited the chemical mediator release from rat basophilic leukemia RBL-2H3 cells. The results of structure-activity relationship studies suggest that the oxygen-containing functional group at the 7-posion of the coumarin structure was advantageous to the inhibitory activity and that methylation of the hydroxyl group at the 4 0 -position of the flavone structure was disadvantageous. It is also suggested that coumarins inhibited an early step of signal transduction from Fc"RI. The active compounds reported in this paper are promising for preventing or treating allergic diseases.
